Abstract: The purpose of this study was to evaluate, by histometric analysis, re-osseointegration following treatment of ligature-induced peri-implantitis in dogs. Five dogs were used in this study. Their mandibular premolars (P2, P3 and P4) were first removed. After 3 additional months of healing, two titanium implants were placed on each side of the mandible. After 3 months, the abutment connection was performed and experimental peri-implantitis was induced by placing cotton ligatures in a submarginal position. Ligatures and abutments were removed after one month and the peri-implant bone defects were randomly assigned to one of the treatments: debridement, debridement plus guided-bone regeneration, debridement plus mineralized-bone graft, and debridement plus guidedbone regeneration associated with mineralized-bone graft. Five months post-treatment, the degree of bone contact with the implant surface and the bone area within the threads were measured in 12 threads, the 6 most coronal at each side of each implant. One-way analysis of variance did not reveal statistically significant differences between the treatment modalities (p > 0.05). Within the limits of the present study, it can be concluded that there is a limited possibility of reosseointegration around implant surfaces previously exposed by ligature-induced peri-implantitis.
Introduction
Although longitudinal studies have documented the long-term predictability of osseointegrated implants (1), a significant number of complications have been reported (2) . Late implant failure has been found to be related to bacterial infection and/or biomechanical overload (3, 4) . Peri-implantitis is described as an alteration of the tissues around the implant that is observed during the implant maintenance phase and is associated with clinical aspects of periodontitis. Some modalities of treatment have been evaluated around peri-implant bone defects resulting from peri-implantitis: antimicrobial, resective and regenerative therapy (5, 6) . However, only a few histologic studies concerning the regenerative potential (re-osseointegration) of the treatment modalities around the previously contaminated implant surface are reported, and these studies are not conclusive (5, (7) (8) (9) (10) (11) . Therefore, the purpose of the present study was to evaluate, by histometric analysis, the re-osseointegration process following the treatment of experimentally ligature-induced peri-implantitis using guided-bone regeneration (PTFE membrane -NAPIO, Bauru, Sdo Paulo, Brazil), alone or in combination with a mineralized-bone graft (Bio-OssR -Osteohealth Co., New York, USA).
Materials
and Methods Five 2-year-old mongrel dogs were used in this study. The animals were premedicated with 1.5 ml/10 kg of Correspondence to Dr. Francisco Humberto Nociti Junior, Faculdade de Odontologia de Piracicaba/UNICAMP, Av. Limeira, 901 CEP: 13414-018, Piracicaba -S.P., Brasil acepromazine. Surgical anesthesia was obtained by intravenous injection of 25 % sodium thiopental solution (0.5 ml/kg) and supplemented with local administration of 2 % xylocaine (1:50,000 epinephrine). At the beginning of the experiment, all mandibular premolars were removed. After 3 months of healing, full-thickness flaps were elevated and two commercially available pure titanium implants (Napio SystemR, Napio, Baum, Sao Paulo, Brazil), 8.5 mm in length and 3.75 mm in diameter, were placed on each side of the mandible, followed by the repositioning and suturing of the mucoperiosteal flaps.
Three months later, the mucoperiosteal flaps were elevated and the titanium abutments were positioned. Two weeks after the abutment connection, cotton ligatures were placed in a submarginal position around the abutments and the dogs were fed a soft diet to promote plaque accumulation and induce peri-implant inflammation with loss of bone. After 1 month of plaque accumulation, a significant inflammation could be seen at the peri-implant mucosa and bone loss was clinically and radiographically detected. At this time, the ligatures were removed, and a plaque-control regime was initiated (hygienic phase) consisting of daily brushing and topical application of 0.12 % chlorhexidine gluconate. In addition, systemic administration of metronidazole hydrochloride (250 mg/day) was established for 3 weeks.
Two weeks after the beginning of the hygienic phase, full-thickness flaps were elevated. The abutments were removed and the granulation tissue around the implants was carefully removed using teflon hand curettes. The implant surface was treated with an air-powder abrasive instrument (Profi IR; Dabi Atlante, Ribeirao Preto -SP, Brazil) for 30 seconds.
The defects were randomly assigned for one of the following treatments:
1. Debridement: DE 2. Debridement plus guided-bone regeneration: GBR (PTFE membrane -NAPIO, Bauru, SP, Brazil) 3. Debridement plus mineralized-bone graft: BG (BioossR, Osteohealth Co., New York, USA).
Debridement plus GBR and BG: GBR/BG
The flaps were repositioned and sutured, the systemic metronidazole administration (FlagylR) was continued for the following week, and 0.12 % chlorexidine gluconate spray was topically applied for the next 5 months. After a healing period of 4 months, a flap was reflected and the PTFE membranes were removed. Five months after the treatment procedures, i.e., 1 month after the surgical procedure for removing the membranes, the animals were sacrificed. Undecalcified sections were obtained in a bucco-lingual direction and prepared as previously described (12) . Subsequently, the sections were stained by toluidine blue stain. The percentage of bone to implant contact and bone area within the 12 most coronal threads of the implant, i.e., 6 threads on each side of each implant, were measured using an image analysis system (KS 400 2.0R; Kontron Eletroniks, Muchen, Germany) (Fig. 1) . In order to obtain the percentage of bone to implant contact, the extension of the bone in direct contact with the implant surface was measured and divided by the total extension of its corresponding thread, and the value was multiplied by 100. The procedure to obtain the percentage of bone area within the limits of the thread of the implant was performed as follow: the total area of bone within the limits of each thread of the implant was measured and divided by the total area of its corresponding thread, and this value was multiplied by 100. The values obtained for and GBR/BG, respectively (Table 1) . Discussion Examinations performed during the course of the present study revealed that 1) an inflammatory reaction in the peri-implant mucosa associated with a crater-like circunferential bone defect was the result of submarginal ligature placement and plaque accumulation on the implant surface and 2) it was demonstrated for the proposed treatments that some degree of bone regrowth is possible, however only part of this regenerated bone is in contact with the previously-exposed implant surface. The observation of a reduced amount of re-osseointegration in the present investigation is consistent with most of the literature on this topic. Jovanovic et al. (8) associated or not to recombinant human bone morphogenetic protein-2 around the implants. After 4 months of healing, a limited amount of re-osseointegration was observed (25 %). Although Persson et al. (11) reported a significant amount of bone defect fill, the rate of reosseointegration around the previously exposed implant surface was approximately 11 %. Wetzel et al. (10) could not determine the reasons for the relatively modest amount of re-osseointegration (2-20 %) encountered in that study. In the present study, a rate from 26 % to 30 % of reosseointegration was observed around the exposed surface of the implants. In contrast to the findings of the above mentioned studies, and also the present investigation, Hurzeler et al. (7) found a substantial amount of reosseointegration after treating ligature-induced periimplantitis using a combination of membranes and bone grafts (a mean of 62 % for test groups and 9 % for the control group). Bone defect morphology and membrane exposure have been indicated as the cause of the poor results, however at the moment, well controlled studies evaluating the variables which would interfere in the process of re-osseointegration are not available. Machado et al. (14) carried out the clinical part of the present study. Clinically, it was concluded that GBR, BG and the combination of the two techniques could enhance the hard-tissue fill of the bone defects caused by peri-implantitis when compared to debridement alone. Nevertheless, the histologic analysis of those specimens revealed that only part of this regenerated bone was re-osseointegrated. Recently, Krozer et al. (16) demonstrated that some procedures used for local disinfection of the exposed implant surface could alter the reactive superficial titanium oxide. Since the biocompatibility of the titanium is advocated for its superficial characteristics, one could suggest that the altered surface would be responsible for the impaired re-osseointegration capacity observed by some investigators, instead of a partially disinfected surface. As a consequence, concern arises with regard to a potential local antimicrobial procedure that would not interfere with the surface properties of the titanium. In contrast to some reports (10) , in the present study the exposed membrane was maintained in place and a rigorous plaque control regimen was used. The exposed site was also examined by histometric analysis, that tended to demonstrate negative effects on the evaluated histometric parameters. The difficulty in maintaining the membranes submerged and the impaired results after exposing was previously reported (5, 8) .
In conclusion, although some degree of bone regrowth of the defect for all modalities of treatment was observed, the amount of re-osseointegration around the exposed surface of the implant was partial. This finding should be considered with caution since the present study have included a small sample size.
